heat toss due to the smaller body size of the neonate. The most important factor in this adjustment is to be seen in the prevalence of non-shivering thermogenesis, the heatforming capacity of which has been shown to be larger than that of the shivering me&anism (BRi~CK 1964 , 1965b . That shivering or voluntary movements cannot account for the cold-induced heat production in the newborn infant has been already inferred from earlier studies (BROCK t961, BROCK et al. t958, MORDHORST 1933) . Further evidence on the existence of non-shivering thermogenesis in the neonate has been obtained from a number of studies in newborn mammals (BROCK 1963 , DAWKINS & HULL 1964 , DAWKINS & SCOPES 1965 , MOORE & UNDERWOOD 1962 SCOPES & TIZARD 1963) , and in the newborn infant (DAwKINS & SCOPES 1965, t~ [ARLBERG, MOORE & OLIVER 1962) .
It has been further shown that the multilocular adipose tissue ("brown fat"), whose thermogenetic function was first demonstrated in the hibernator (SMITi~ & Hoc~ 1962) , also plays an important part in the neonate as a site of non-shivering thermogenesis (DAwKINS & HULL 1964 , DAWKINS & SCOPES 1965 .
With regard to the prevalence of non-shivering thermogenesis, temperature regulation of the neonate resembles that of the cold-adapted adult rat (cf. HAaT, HEROUX & DEcovAs 1965 , HSlEH, CARLSON & GRAY 1957 . It might appear from this fact, that the modifications occuring during cold-adaptation are, in some respect at least, to be thought of as a remanifestation of the neonatal thermoregulatory mechanism. From this point of view, the question arises at which period of postnatal development and under what conditions the non-shivering mechanism is replaced by shivering; further, whether or to what extent it is possible, by providing special environmental conditions, to maintain the prevalence of non-shivering thermogenesis.
To answer these questions, studies have been carried out in guinea pigs from birth on. Some of these results have been already published (BR/icr: 1963 , BROCK & W/0N -NENBERG 1965a and will be briefly reviewed. The remaining data, which have been obtained only recently from two groups of animals that were reared at two different environmental temperatures (300 and 80 C, respectively), will be reported in detail.
METHODS
For the examination of thermoregulatory behavior, the individual unanesthetized guinea pigs were placed in a small climatized plexiglass chamber, the temperature of which could be quickly altered within the range of 35 ° and 8 ° C. In most experiments the animals were consecutively exposed to three test temperatures: 300 to 320 , I6 o and 8 o C.
For the determination of gaseous metabolism, the open-system method was used: Fresh air was passed through the &amber and led to a gas-analyzer (Manufactured by Hartmann & Braun AG, Frankfurt/M., W.-Germany). Oxygen uptake, CO2-production, chamber temperature, subcutaneous temperature on the back and the temperature of the interscapular fat pad were continuously recorded. Further, the electrical activity of the thigh and neck musculature was recorded as a measure of shivering.
For the determination of electrical activity, small electrode units were inserted into the respective muscle groups through a small incision in the skin and were fixed with thread. The discharges were displayed on the two doublebeam oscilloscopes of an EMG-Integrator (Manufactured by Dr. T6nnies, Freiburg/Br., W.-Germany). The second beam of each screen was used to depict the automatically produced product of the amplitudes and frequency of the volleys. The activity was continuously observed and recorded at intervals of 2 to 5 minutes. By planimetry of the curves representing the product of amplitudes and frequency, the mean electrical activity was determined for one-minute periods.
Alderlin (2-isopropylamino-l-[2-naphthyl] ethanol hydrochloride, an adrenergic beta-receptor-blocking compound, was used to block selectively non-shivering thermogenesis (cf. BROCK & W/ONNENBrRG 1965b) . During this blockade it was possible to determine the relationship between oxygen uptake and electrical activity. On this basis the fractions of shivering and non-shivering thermogenesis could be estimated in untreated animals from the electrical activity and total cold-induced oxygen uptake.
For the test studies the animals were fixed on a plate with strings bound around the distal parts of the four extremities in order to prevent the animals from nibbling the leads of the thermocouples, etc. Due to this measure, heat loss in the animals was somewhat larger than it would have been under natural conditions, since they could not sufficiently reduce their body surface by retracting their legs.
It should also be mentioned that while the electrodes, etc. were being inserted, the animals were kept under light ether anesthesia. The test study was not commenced, however, until the effect of this anesthesia had vanished. (For further details of the methods see BROCK & WONNENBERG 1965a, b, c.) 
RESULTS
T h e r m o g e n e s i s i n n e w b o r n g u i n e a p i g s r e a r e d a t 16 t o 19 ° C At a test temperature of 8 ° C oxygen uptake of a group of newborn guinea pigs (0 to 2 days of age) has been found to increase up to 70 to 90 ml/kg rain, i. e. 3 to 4 times the basal metabolic rate, which is approximately 20 ml/kg min (BROCK & W/dNNEN~rRG 1965a) . Under these conditions, the electrical activity of the musculature remained at zero level or was only slightly increased. In contrast, a group of animals two to three weeks of age displayed overt shivering, and the electrical activity of the musculature was markedly increased. The occurrence of shivering, however, did not increase the thermoregulatory efficiency; i. e. regardless of the increased electrical activity, oxygen uptake did not exceed 50 ml/kg rain. It was concluded from this that the contribution of non-shivering thermogenesis is considerably reduced during the first few weeks of life.
E f f e c t s o f A 1 d e r 1 i n. Oxygen uptake as measured at the test temperatures of 80 or 16 ° C decreased from 70 to 90 to about 40 ml/kg min in newborn guinea pigs following Atderlin administered intraperitoneally at a dose rate of 10 mg/kg. This effect was accompanied by a sharp increase in electrical activity and by onset of overt shivering, demonstrating that the mechanism of shivering is already developed at the time of birth but is not used under normal conditions. In the older animals (2 to 3 weeks of age), which displayed normally overt shivering, electrical activity was not essentially altered by Alderlin, and oxygen uptake was reduced by no more than 10 to 15 ml/kg rain. The level of oxygen uptake attained following the application of Alderlin was of the same order as that in the newborn group. By quantitative consideration of the electrical activity (cf. methods), it was estimated from these figures that the contribution of non-shivering thermogenesis to the total cold-induced heat production is reduced from 90 to 30 o/o during the first few weeks of life, if the animals are reared under usual environmental conditions. It can further be deduced from these studies that the heat-forming capacity of the shivering mechanism is much tess than that of the non-shivering mechanism which it replaces (BR/~¢K & Wt~NNENBERG 1965b).
C h a n g e~ o f s t r u c t u r e a n d t h e r m o g e n e t i c f u n c t i o n o f t h e i n t e r s c a p u l a r a d i p o s e t i s s u e . In the group of newborn animals the typical multilocular fat distribution could be demonstrated, whereas unilocular fat distribution was found to prevail in the older animals (2 to 3 weeks). To obtain insight into the thermogenetic function of this tissue, local temperature of the interscapular fat pad (DAxcKINS & H~LI. 1964 , 1965 SMITH & HOCK 1962) and local blood flow (using the heated thermocouple technique; cf. GOLENROFZN, H~NSEL & I-IILDI~BRANDT 1963) were measured. In newborn animals the temperature of the fat pad rose over the colon temperature (by 1 ° to 1.50 C), and blood flow was markedly increased when the animals were exposed to the test temperatures of 160 or 80 C. In some cases, even an absolute increase in temperature occurred. These effects were inhibited by Alderlin. By contrast, in the animals two to three weeks of age, the temperature of the fat pad paralleled that of the colon, and Alderlin did not appreciably change this course. These findings indicate that, on cooling, extra-heat is produced in the multilocular adipose tissue of the newborn guinea pig; this agrees well with the concept of SMITH & ROBERTS (1964) , according to which the multilocular adipose tissue is an important site of non-shivering thermogenesis, and with the results obtained from the newborn rabbit by DAWKINS & HULL (1963 .
T h e i n f l u e n c e o f e n v i r o n m e n t a l t e m p e r a t u r e s o n p o s t n a t a l a l t e r a t i o n s i n t h e r m o g e n e s i s
In Table 1 the number, mean birth weight, and actual weight of the animals at the date of the studies are listed. Except for two 4-hour periods daily, each litter reared at 80 C was kept together with its mother in one cage, in order to provide sufficient nourishment for the young. The animals reared at 32 ° C were iefL with their mother all the time. The weight gain of a few animals (not included in the present study), which were tentatively held at 4 ° C, was markedly retarded, and thermo-regulatory behavior was disturbed. This is considered to show that the cold stress imposed on the experimental group of animals was near the tolerance limit.
Two-thirds of the animals were examined at the age of two weeks, the rest at the age of four weeks. Figure 1 compares the responses of two animals that were reared at the two different environmental temperatures. In the 8°-animal s I i g h t cooling caused oxygen uptake to increase by ca. 18 mi/kg rain without an appreciable increase in electrical activity. It was only after further cooling that the electrical activity rose (accompanied by visible shivering); this caused oxygen uptake to increase further until a level of about 65 ml/kg rain was attained. The animal was rewarmed, and the experiment was repeated after application of Alderlin. Here, electrical activity and oxygen uptake increased simultaneously, and the maximum oxygen uptake did not exceed 48 ml/kg rain. The fraction of non-shivering thermogenesis, which can be easily read from this curve, is indicated by the double arrows. In the 32°-animal (Fig. 1 , right) Alderlin did not have any effect on the course of oxygen uptake or on electrical activity: Prior to and following Alderlin the rise of oxygen consumption did not commence until the electrical activity was increased. The maximum oxygen uptake was no higher in this case than in the cold animal after the application of Alderlin. Evidently, the mechanism of non-shivering thermogenesis was still functioning in the cold animal, whereas it had vanished in the warm animal. For the determination of the average fraction of non-shivering thermogenesis, the 10-minute means of oxygen uptake and the corresponding electrical activity (the values from the two muscle groups being added), as measured a f t e r administration of Atderlin, have been separately plotted for the four groups; these were arranged according to age and the temperature at which they were reared (Fig. 2) . The regression lines calculated from these figures represent oxygen uptake as a function of electrical activity. The average oxygen uptake and electrical activity, as calculated from the values which were obtained from those test periods that preceded the administration of Alderlin, were also plotted in the diagrams. As can be seen in Figure 2 , the values obtained from the untreated animals are situated to the left and above the regression lines in the 8 ° C -animals, but they come cIose to the regression lines in the warm animals. The amount of oxygen uptake which is not explained by electrical activity, i. e. non-shivering thermogenesis by definition, can be directly read from these diagrams. The fractions of shivering and non-shivering thermogenesis as determined in this way can be taken from Figure 3 . For comparison, the corresponding data for a group of newborn animals have been included. As can be easily seen, the cold animals had preserved a considerable amount of non-shivering thermogenesis, although it was Oxygen uptake and electrical activity in four groups of guinea pigs arranged according to age and the temperature at which they were reared. The dots represent the values of individual animals that were examined under the influence of Alderlin; the dots with bars stand for the group means obtained from studies that were carried out prior to Alderlin application. The length of the bars indicates S. E. In addition, the mean values of a group of newborn animals are plotted. The amount of oxygen uptake that is not explained by electrical activity can be directly read from the diagrams reduced in comparison with the newborn group. Non-shivering thermogenesis was just sufficient to compensate for the heat loss at 160 C, but it was too small for the 8 ° C temperature, at which non-shivering thermogenesis accounted for only 50 % of the total thermogenesis. In the w a r m animals, non-shivering thermogenesis made up only a small fraction of total cold-induced oxygen uptake at the age of two weeks, and it had almost totally vanished by the age of four weeks. Figure 4 shows the course of three temperatures during the initial phase of cooling in warm and cold animals at the age of 2 weeks. The increase in the temperature of the interscapular fat tissue over colon temperature shows that the thermogenetic function of this tissue had been maintained in the cold animals. In the warm animals, fat temperature dropped together with the colon temperature, indicating that the Microscopic studies on the interscapular fat tissue are in agreement with the above results (Fig. 5) . The multilocular fat distribution, which is characteristic for the newborn stage, was maintained in the cold animals; in the warm animals, however, u n i 1 o c u 1 a r fat distribution was prevalent at the age of 2 weeks, and at the age of four weeks practically no multilocular fat distribution was demonstrable, i. e. the "brown" fat had been entirely converted into "white" fat. Dr. HOHORST and coworkers of the Department of Biochemistry of the University of Marburg, who are working on the metabolism and enzyme pattern of brown adipose tissue, have done some biochemical studies on the interscapular tissue that was taken from our animals. They have kindly permitted us to mention these unpublished data: The content of extractible proteins (a measure for the total enzyme content) amounted to 55 mg/g The guinea pigs were exposed to 30 ° C till zero time, at which temperature was decreased to 160 C. Note that the temperature of the adipose tissue increases over colon temperature in the animals reared at 8 ° C wet weight in the group of newborn animals; in the cold animals this amount was unchanged, but it was reduced to about 25 m # g wet weight in a group of animals reared at 18 ° to 19 ° C at the age of 20 days (20 d-animals). The cytochrome-c content in the cold animals was 4 to 5 times, and the content of the a-glycero-phosphateoxydase 4 times that of the 20 d-animaIs. These data demonstrate the increased mitochondriai activity in the multilocular adipose tissue. The weight of the interscapular tissue per 100 g of body weight amounted to 0.70 g (S. E. 0.05) in the cold animals; this is much less than in newborn guinea pigs (2.I to 2.4 g) and in newborn rabbits (DAxeKINS & HULL 1963) . In the warm animals, 
DISCUSSION AND CONCLUSIONS
It follows from the results presented that non-shivering thermogenesis, which is the prevailing mechanism of heat production in the newborn guinea pig, almost totatly disappears within 4 weeks, if the animals are reared at neutral temperature (30 ° to 32 o C). By rearing the animals in a cold environment this process can be considerably retarded, but it cannot be entirely inhibited. It is thus suggested that the reduction of non-shivering thermogenesis, as observed during postnatal development, is to be thought of as a d e v e l o p m e n t a l p r o c e s s , which is modified by the environmental temperature.
One might infer from the foregoing that the ability to regain non-shivering thermogenesis by cold-adaptation is gradually reduced with increasing age. All the studies on cold-adaptation in adult subjects available so far would be in accordance with this concept. Thus the maximum increase in oxygen uptake that was not explained by shivering did not account for more than 80 °/0 of the BMR in the unanesthetized cold-adapted rat exposed to an ambient temperature of 6 ° C (HART, HEROUX & DEPOCAS 1956 , HSlEH, CARSON & GRAY 1957 .
In the human adult the evokation of non-shivering thermogenesis by coldadaptation has been demonstrated by DAvis and by JoY; the exact amount of nonshivering thermogenesis has not been given, but it is obvious that its extent remains far below that found in the cold-adapted rat. The most extreme case of cold-adaptation in a human being was described by PuoH (1963) . He studied a Nepalese pilgrim who had survived, uninjured, 4 days of exposure at 15,000 to 17,500 ~ in midwinter, wearing only light clothing and no shoes or gloves. In a test study, oxygen uptake was increased by 35 % without visible shivering; with more severe cooling, shivering occurred and oxygen uptake rose to 2.7 times the calculated basal metabolic rate. In contrast, newborn infants increase their oxygen uptake on slight cooling (230 C) by the same rate without visible shivering (BROCK 1961 , BRticK, BROCK & LEMrIS 1958 .
As for the mass of multilocular adipose tissue, there also exist -again in favour of the neonate -considerable differences between the newborn stage on the one hand, and the cold-adapted adult subject on the other hand. According to the studies of SMITH & ROBERTS (1964) the total mass of multilocular adipose tissue in the coldadapted rat amounts to 1.0 to 1.5 % of the body weight. As already reported, in our newborn guinea pigs the interscaputar fat tissue alone made up as much as 2 to 2.5 % of the body weight, and the total mass was estimated to be about 5 %; in the newborn rabbit, which was studied by DAxvI~I~s & HuLL 1964, the interscapular and cervical adipose tissue makes up as much as 5 % on the average. The different capacity for non-shivering thermogenesis in the neonatal stage and in the adult cold-adapted organism might thus be simply ascribed to the difference in the mass of multilocular adipose tissue. Our results, according to which both the mass of the interscapular multilocular adipose tissue and the non-shivering thermogenetic capacity were reduced in the animals kept at 8 o C (cf. Fig. 3 ), would fit in with this concept. This inability either to maintain a larger mass of multilocular adipose tissue or to reconvert a sufficient mass of white fat into brown fat might thus be taken as the key for an understanding of the superiority of the neonate even over the cold-adapted adult subject in regard to non-shivering thermogenetic capacity.
As has been previously shown (BI~/dCK & WONNi+NB~RG 1965b) , the temperature in the interscapular adipose tissue and oxygen uptake begin to increase immediately aPcer external cooling, i. e. non-shivering thermogenesis is presumably evoked by stimulation of the cutaneous thermal receptors. Shivering, on the other hand, does not set in until the core temperature has fallen by a certain amount, indicating that it is presumably elicited by thermosensitive structures that are localized in the body core. Besides the wellknown thermosensitive structures of the hypothalamus, it has been suggested that such structures are localized in the spinal cord (RAtJTENB+r,O, SIMON & THAU~r, 1963, 
SIMON, RAUTENBERG, THAUER & IRIKI t964). SMITH & RO~SWTS (1964) on the other
hand, showed that the venous blood of the interscapular and cervical adipose tissue is drained partly into the inner vertebral sinus, whereby the heat derived from these sources is applied to the spinal cord. One may thus assume that in the newborn guinea pig the temperature of the spinal cord is maintained above the shivering threshold by the heat supplied from the interscapular and cervical adipose tissue. The loss of the thermogenetic function of this tissue might thus be considered as the direct cause of the appearance of shivering during postnatal development. In some preliminary studies (BRtJc~ & Wt)NNENBSRG, unpublished) in which the subarachnoidal temperature of the cervical cord was measured, it was actually demonstrated that in the coldexposed newborn guinea pig, the temperature of the cervical spinal cord is kept at a higher level than colon temperature and even brain temperature and that this temperature sharply drops following the administration of Alderlin, which induces shivering in the newborn guinea pig. SUMMARY 1. Cold-induced heat production, its mechanisms and modifications during postnatal development, has been studied in the guinea pig. 2. In the newborn guinea pig, exposed to a test temperature of 80 C, non-shivering thermogenesis (NST) accounts for at least 90 % of the total cold-induced heat production; the latter makes up as much as 3 to 4 times basal metabolic rate and is sufficient to maintain colon temperature at the normal level of 390 C. APcer blockade of NST the animals displayed vigorous shivering, i. e. the shivering mechanism is already developed at the time of birth but is not used under normal conditions. The heat-forming capacity of the non-shivering mechanism is much larger than that of the shivering. 3. At the age of 4 weeks the proportion of NST was less than 10 to 15 % in guinea pigs which had been reared in a warm environment (300 C), whereas in animals reared in the cold (8 ° C), it still amounted to 50 %. 4. The newborn guinea pig possesses a large amount of multilocular adipose tissue ("brown fat"), which is an important site of NST. The muttilocular structure in the interscapular fat pad was still present at the age of four weeks in the animals reared in the cold, whereas it had acquired the appearance of white fat in the animals reared in the warmth. Its percentage weight, however, was smaller in the "cold" group than inthe newborn group. 5. According to these results, the process of replacement of non-shivering by shivering thermogenesis during postnatal development is to be thought of as a developmental process that can be retarded but not entirely inhibited by cold environmental conditions. 
